Introduction {#sec1}
============

The sulfide nucleus is a key constituent of many nature products and biological systems.^[@ref1]−[@ref3]^ The arylsulfides have been widely used in the field of total synthesis, medicinal chemistry, and materials science because of their unique biological activities and physical properties.^[@ref4]−[@ref10]^ Therefore, the development of efficient strategies for aryl sulfides has received considerable attention.^[@ref11],[@ref12]^ Most of them construct C--S bonds by employing transition metal-catalyzed cross-coupling of thiols and their derivatives with organic halides/organic boronic acid.^[@ref13]−[@ref17]^ However, these methodologies generally suffer from a prefunctionalized starting material, harsh reaction conditions, and the formation of toxic waste. Recently, metal-free and transition metal-catalyzed direct C--H sulfenylation of arenes and various sulfur sources are particularly attractive because direct functionalization of C--H bonds for the synthesis of aryl sulfides can shorten the reaction steps and minimize the amount of waste formed.^[@ref18]−[@ref23]^ However, most of the reported protocols were established by using an organic solvent as the reaction media. From the perspective of green chemistry, water as a safe, cheap, and environmentally friendly solvent has been used in organic reactions.^[@ref24]−[@ref37]^ In 2016, Deng et al.^[@ref38]^ developed a copper-catalyzed three-component reaction of arenes, iodohydrocarbon, and sulfur powder for the synthesis of aryl sulfides in water ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}a). Lu et al.^[@ref39]^ reported an I~2~/PPh~3~-mediated regioselective synthesis of diaryl sulfides from sodium arylsulfinates via a metal-free radical strategy in water ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}b). Huang et al.^[@ref40]^ described a phenyliodine(III) bis(trifluoroacetate) (PIFA)-mediated sulfenylation of arenes and allyl sulfides in water in the presence of TPGS-750-M as the surfactant ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}c). Sinha et al.^[@ref41]^ also reported a bovine serum albumin--iodine cooperative catalyzed oxidative coupling-C(sp^2^)--H sulfenylation of indoles/hydroxyaryls with thiophenols on water ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}d). Yuan et al.^[@ref42]^ developed a cobalt-catalyzed aerobic cross-dehydrogenative coupling of C--H and thiols in water for C--S formation ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}e). Although water as a green solvent has made some progress in direct C--H sulfenylation, these reported methods suffer from several limitations, such as the uses of metal catalysts, unstable biological reagents, toxic organic phosphine, sulfur agent with unpleasant odor, and complex reaction conditions. Therefore, a simple and efficient metal-free protocol using odorless sulfur reagents in combination with water as the solvent is still needed.

![Direct C--H Sulfenylation of Arenes in Water; (a) Deng's Work, (b) Lu and Yi's Work, (c) Huang's Work, (d) Sinha's Work, (e) Yuan's Work, (f) This Work](ao0c02590_0003){#sch1}

Sulfinic esters are odorless, easy-to-make, air-stable, and moisture-stable chemicals.^[@ref43]−[@ref52]^ Because of their unique electrophilic and nucleophilic reactivities, sulfinic esters have emerged as important building blocks for the synthesis of organic sulfur compounds.^[@ref53]−[@ref61]^ However, this sulfenylation of arene with sulfinic ester in water is rarely reported. As part of our continuing efforts using unconventional media in organic reactions,^[@ref62]−[@ref75]^ herein we disclose a simple and environmentally friendly method for the synthesis of aryl sulfides via direct C--H sulfenylation of arenes with ethyl arylsulfinates in water ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}f).

Results and Discussion {#sec2}
======================

Our study began by performing the reaction of naphthalen-2-amine **1a** and ethyl benzenesulfinate **2a** in water at 120 °C for 24 h. The results are summarized in [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}. Initially, when the ratio of **1a** and **2a** was 1:1, the sulfenylation reaction provided the desired product **3a** in only 19% yield (entry 1). By increasing the dosage of **2a**, the yield could be significantly increased. When 2 equiv of **2a** was used, the yield of **3a** reached 70% (entries 2 and 3). However, this yield could hardly be improved by only increasing the amount of **2a** (entry 4). Further, we found that organic solvents are detrimental to the reaction (entries 5--8). In addition, shortening the reaction time led to a significant decrease in the yield of model reactions (entry 9).

###### Optimization of the Reaction Conditions[a](#t1fn1){ref-type="table-fn"}

![](ao0c02590_0013){#GRAPHIC-d7e428-autogenerated}

  entry                               **1a**/**2a**   solvent      yield (%)
  ----------------------------------- --------------- ------------ -----------
  1                                   1.0/1.0         H~2~O        19
  2                                   1.0/1.5         H~2~O        67
  3                                   1.0/2.0         H~2~O        70
  4                                   1.0/3.0         H~2~O        73
  5                                   1.0/2.0         ^*n*^BuOAc   12
  6                                   1.0/2.0         DMF          22
  7                                   1.0/2.0         toluene      N.R.
  8                                   1.0/2.0         PhCl         trace
  9[b](#t1fn2){ref-type="table-fn"}   1.0/2.0         H~2~O        32

Reaction conditions: **1a** (0.3 mmol), solvent (3 mL), 120 °C (oil bath), 24 h, under air.

9 h.

To increase the reaction yield and reduce the reaction temperature, a phase-transfer agent (PTA) tetrabutylammonium iodide (TBAI) was added into the reaction system. A catalytic amount of TBAI (20 mol %) had no obvious promotion effect on the reaction ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}, entry 1). However, with the increase in the amount of TBAI, the yield of **3a** could be increased from 75 to 88% (entries 2--4). When TBAB or tetrabutylammonium chloride (TBAC) was used as a PTA, this promoting effect was not significant (entries 5 and 6). The combination of TBAC and KI seems to play the same role as TBAI, and **3a** can be obtained in 83% yield (entry 7). The ionic surfactant sodium 1-dodecanesulfonate (SDS) could also promote this reaction, but the yield was slightly inferior (entry 8). Nonionic surfactants such as PEG 2000 and Tween 80 were also examined. We only used 10 mol % of amount to perform this reaction because of their higher molecular weights. The results showed that the promotion effect of PEG 2000 is quite significant compared with Tween 80, and the product **3a** was obtained in 82% yield (entries 9 and 10). Further investigation revealed that the reaction yield decreased at 80 °C (entry 11). Under an argon atmosphere, the yield of **3a** did not increase significantly (entry 12). Finally, the optimal reaction conditions were determined as follows: the ratio of **1a**/**2a** = 1/2, 3 mL of water as the solvent, 2.0 equiv of TBAI, 100 °C (oil bath), reaction time 24 h, and under air.

###### Effect of PTAs on the Aqueous-Phase Reaction of **1a** and **2a**[a](#t2fn1){ref-type="table-fn"}

![](ao0c02590_0014){#GRAPHIC-d7e651-autogenerated}

  entry                                PTA        amount of PTA   yield (%)
  ------------------------------------ ---------- --------------- -----------
  1                                    TBAI       20 mol %        67
  2                                    TBAI       1.0 equiv       75
  3                                    TBAI       2.0 equiv       85
  4                                    TBAI       3.0 equiv       88
  5                                    TBAB       2.0 equiv       74
  6                                    TBAC       2.0 equiv       68
  7                                    TBAC/KI    2.0 equiv       83
  8                                    SDS        2.0 equiv       79
  9                                    PEG 2000   10 mol %        82
  10                                   Tween 80   10 mol %        66
  11[b](#t2fn2){ref-type="table-fn"}   TBAI       2.0 equiv       76
  12[c](#t2fn3){ref-type="table-fn"}   TBAI       2.0 equiv       80

Reaction conditions: **1a** (0.3 mmol), **2a** (0.6 mmol), H~2~O (3 mL) 100 °C (oil bath), 24 h, under air. TBAI: tetrabutylammonium iodide, TBAB: tetrabutylammonium bromide, TBAC: tetrabutylammonium chloride, SDS: sodium dodecane-1-sulfonate.

80 °C.

Under Ar.

Next, we examined the scope of ethyl arylsulfinates for this direct C--H sulfenylation, and the results are shown in [Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}. Various ethyl aryl sulfinates were suitable to implement the 1-sulfenylation of naphthalen-2-amine, providing the desired products **3b--3m** in good to excellent yields. The ethyl arylsulfinates with a variety of substituents such as methyl, *tert*-butyl, methoxy, fluoro, chloro, bromo, nitro, trifluoromethyl, and trifluoromethoxy groups on 3- or 4-substituted positions were tolerated. The reaction with the sterically congested substrate proceeded very well, affording the desired product **3n** in 72% yield. The optimal conditions were also amenable to the reaction of 2-(ethylsulfonyl)naphthalene, and the desired product **3o** was obtained in 87% yield. 6-Bromonaphthalen-2-amine was also quite well as a reactant in the transformation, and the product **3p** was obtained in 92% yield. It is conceivable that the presence of a bromo substituent group in the structure of **3p** should be helpful for its derivatization.

![Reactions of Naphthalen-2-amines with Ethyl Arylsulfinates](ao0c02590_0005){#sch2}

It should be noted that aniline could conduct this reaction to give the product 4-(phenylthio)aniline **3q** in 55% yield. The reaction of 2-phenylaniline with **2a** also proceeded smoothly, affording the product 5-(phenylthio)-\[1,1′-biphenyl\]-2-amine **3r** in 67% yield ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}).

![Reactions of Anilines with **2a**](ao0c02590_0006){#sch3}

The high electrophilicity of **2a** inspired us to investigate the possibility of indoles. As shown in [Scheme [4](#sch4){ref-type="scheme"}](#sch4){ref-type="scheme"}, the reaction of indole with **2a** proceeded very well to give the product 3-(phenylthio)-1*H*-indole **4a** in 91% yield. In the absence of TBAI, the yield of **4a** dropped to 50%. Upon repeating the reaction with **2a**, indoles with different substituent groups on the arene ring all work well, efficiently providing the products C3-(phenylthio)indoles **4b--4p** with excellent yields. The electron-withdrawing groups such as nitro, cyano, and methoxycarbonyl in the indole ring all tolerated well in this transformation. 7-Azaindole was also applicable in this reaction, and the desired product **4q** was isolated in 82% yield. The chloro- and bromo-substituents in the indole ring could be delivered uneventfully into the products **4h** and **4j**. Although some methods proved to be effective for the C3-sulfenylation of indoles,^[@ref76]−[@ref81]^ the synthesis of products **4** in water has been rarely reported. In 2016, Wang et al. used sulfonyl hydrazides to implement the thiolation of indoles, but the reaction was performed at 140 °C.^[@ref82]^ In contrast, our current system was carried out at 100 °C, and TBAI was a cheap, easily available, and recyclable reagent.

![Reactions of Indoles with Ethyl Aryl Sulfinates\
In the absence of TBAI.](ao0c02590_0007){#sch4}

Trimethoxybenzene proved to be a good nucleophile to react with ethyl aryl sulfinates under the standard conditions, and the electrophilic nature of the arene ring in the sulfinate component imposed a significant effect on the reaction ([Scheme [5](#sch5){ref-type="scheme"}](#sch5){ref-type="scheme"}). The reaction of ethyl 4-nitrobenzenesulfinate with 1,3,5-trimethoxybenzene proceeded very well, providing the sulfenylation product **5c** in 95% yield. Ethyl 4-methoxybenzenesulfonate participated into the reaction gently, and the desired product **5b** was isolated in 65% yield. In addition, β-naphthol was also a suitable substrate for the sulfenylation, affording the desired product **5d** in 45% yield.

![Reactions of 1,3,5-Trimethoxybenzene with Ethyl Aryl Sulfinates](ao0c02590_0008){#sch5}

Intriguingly, pyrrole and 1-methylpyrrole underwent a double C--H sulfenylation in the presence of 4.0 equiv of ethyl aryl sulfinates, affording symmetrical bisthioethers **6a--6e** in moderate to good yields ([Scheme [6](#sch6){ref-type="scheme"}](#sch6){ref-type="scheme"}). 2,5-Dimethyl-1*H*-pyrrole can also be converted in a similar manner, providing the product **6f** in 81% yield. It should be noted that although the synthesis of **6a**- and **6f**-type bisthioethers through double C--H sulfenylation of pyrroles has been observed, the reported system usually used an organic solvent as the reaction medium.^[@ref84],[@ref85]^ To the best of our knowledge, our system is probably the first example to carry out the synthesis of bisthioethers in water. 3-Phenyl-1-tosyl-1*H*-pyrazol-5-amine as a multifunctional substrate also could react with ethyl phenyl sulfinate, and the product **6g** was obtained in 65% yield.

![Synthesis of Bisthioethers Through Double Sulfenylation of Pyrroles](ao0c02590_0009){#sch6}

To demonstrate the practicality of this method, gram-scale reactions were conducted under standard conditions. As shown in [Scheme [7](#sch7){ref-type="scheme"}](#sch7){ref-type="scheme"}, the reactions could be easily scaled up with 10 mmol of 6-bromonaphthalen-2-amine or 6-bromo-1*H*-indole, affording the products **3p** and **4j** in 86% (2.83 g) and 89% (2.71 g) yields, respectively. Importantly, the products were isolated by simple extraction and filtration, avoiding the use of silica column chromatography.

![Gram-Scale Synthesis of **3p** and **4j**](ao0c02590_0010){#sch7}

Next, the synthetic versatilities of **3p** as the substrate were demonstrated by palladium-catalyzed cross-coupling reactions ([Scheme [8](#sch8){ref-type="scheme"}](#sch8){ref-type="scheme"}). The compound **3p** and *p*-tolylboronic acid underwent the Suzuki--Miyaura reaction in the presence of 10% Pd(PPh~3~)~4~, affording the corresponding product **7a** in 84% yield. In addition, the compound **3p** also reacted with phenylacetylene via the Sonogashira cross-coupling in the presence of PdCl~2~/PPh~3~ (10%) and CuI (20%) as the catalyst, furnishing the desired product **7b** in 75% yield.

![Synthetic Transformations of **3p**](ao0c02590_0011){#sch8}

To elucidate the reaction mechanism, some control experiments were performed. As shown in [Scheme [9](#sch9){ref-type="scheme"}](#sch9){ref-type="scheme"}, when 2.0 equiv of 2,2,6,6-tetramethylpiperidinooxy was added, **3a** can be hardly detected. However, the addition of 2,6-di-*tert*-butyl-4-methylphenol did not significantly inhibit the reaction, and **3a** can be isolated in 58% yield ([Scheme [9](#sch9){ref-type="scheme"}](#sch9){ref-type="scheme"}a). We speculated that the reaction was more likely to be an electrophilic substitution reaction than a free-radical reaction. In the absence of **1a**, ethyl benzenesulfinate **2a** was decomposed to provide *S*-phenylbenzenesulfonic acid thioester **8a** product. This result indicated that **8a** may be an important intermediate in the reaction process. Furthermore, this reaction also proceeded well in the absence of TBAI ([Scheme [9](#sch9){ref-type="scheme"}](#sch9){ref-type="scheme"}b). This fact implied that TBAI mainly acted as a PTA. Under the standard conditions, the reaction of **8a** and **1a** proceeded smoothly to afford the product **3a** in 84% yield, and 62% yield of **3a** was obtained in the absence of TBAI ([Scheme [9](#sch9){ref-type="scheme"}](#sch9){ref-type="scheme"}c). These two experimental results further supported our previous point. When benzenesulfinic acid was treated under the standard conditions, **8a** can be generated in 24% yield. However, this transformation failed without TBAI. This showed that TBAI plays a role as a catalyst in the formation of intermediate **8a** ([Scheme [9](#sch9){ref-type="scheme"}](#sch9){ref-type="scheme"}d).

![Control Experiments; (a) Effect of free radical scavenger on the model reaction, (b) Effect of TBAI on the conversion of ethyl benzenesulfinate, (c) Effect of TBAI on the reaction of 1a and 8a, (d) Effect of TBAI on the conversion of benzenesulfinic acid](ao0c02590_0012){#sch9}

Based on all these observations, a plausible mechanism was proposed. As shown in [Scheme [10](#sch10){ref-type="scheme"}](#sch10){ref-type="scheme"}, the initial event should be a decomposition of **2a**, which gives **8a** as an intermediate. A similar disproportionate reaction of sodium benzenesulfinate to a thiosulfonate has just been observed by Wang et al.^[@ref86]^ Then, this intermediate **8a** as an electrophile reacted with **1a** to form the desired product **3a**.^[@ref87],[@ref88]^ Subsequently, the benzenesulfinic acid generated can be converted into **8a** in the presence of TBAI.^[@ref89],[@ref90]^ Finally, a sulfenylation cycle was established.

![Proposed Mechanism](ao0c02590_0004){#sch10}

Conclusions {#sec3}
===========

In summary, we have developed a TBAI-mediated direct sulfenylation of arenes with ethyl arylsulfinates in water. This reaction provided a green and efficient approach to produce diversified aryl sulfides in excellent yields. The merits of this method were simple reaction condition, odorless and easily available sulfur reagent, broad substrate scope, gram-scale synthesis, and further transformations.

Experimental Section {#sec4}
====================

Unless otherwise noted, all synthetic steps were performed under an air atmosphere using Schlenk tubes. The materials obtained from commercial sources were used without further purification. Melting points were determined with a fusiometer and are not corrected. ^1^H NMR and ^13^C NMR spectra were recorded on a Bruker ADVANCE III HD 400 MHz spectrometer in CDCl~3~ or DMSO-*d*~6~ solution. All chemical shifts were reported in ppm (δ) relative to the internal standard tetramethylsilane (0 ppm). High-resolution mass spectra (HRMS) were acquired in electrospray ionization (ESI) mode using a time-of-flight mass analyzer.

General Procedure for TBAI-Mediated Reactions of Arenes with Ethyl Aryl Sulfinates to Aryl Sulfides {#sec4.1}
---------------------------------------------------------------------------------------------------

A mixture of arene (0.3 mmol), ethyl aryl sulfinate (0.6 mmol), TBAI (0.6 mmol), and H~2~O (3 mL) was added into a Schlenk tube. The solution was stirred and heated to 100 °C for 24 h in air. After completion of the reaction, the mixture was quenched with the saturated solution of NaCl (5 mL) and extracted with CH~2~Cl~2~ (10 mL × 3). The combined CH~2~Cl~2~ extracts were dried over anhydrous Na~2~SO~4~, filtered, and concentrated under reduced pressure. The crude residue was purified by flash column chromatography on silica gel using PE/EtOAc as the eluent.

### 1-(Phenylthio)naphthalen-2-amine (**3a**)^[@ref38]^ {#sec4.1.1}

The crude mixture was purified via column chromatography using ethyl acetate/petroleum ether (PE) (1:30) as the eluent to give the product as a red solid (64.1 mg, 85%); mp 96.5--99.1 °C; ^1^H NMR (400 MHz, DMSO): δ 8.06 (d, *J* = 8.4 Hz, 1H), 7.79 (d, *J* = 8.8 Hz, 1H), 7.73 (d, *J* = 7.6 Hz, 1H), 7.37 (t, *J* = 7.8 Hz, 1H), 7.25--7.14 (m, 2H), 7.06 (t, *J* = 7.2 Hz, 1H), 6.99 (d, *J* = 8.0 Hz, 1H), 6.04 (s, 1H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 150.41, 136.91, 136.31, 131.54, 128.99, 128.42, 127.48, 127.22, 125.56, 124.94, 122.87, 121.45, 118.18, 100.59.

### 1-(*p*-Tolylthio)naphthalen-2-amine (**3b**)^[@ref42]^ {#sec4.1.2}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a red solid (52.3 mg, 72%); mp 112.4--117.0 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 8.06 (d, *J* = 8.5 Hz, 1H), 7.77 (d, *J* = 8.8 Hz, 1H), 7.71 (d, *J* = 7.7 Hz, 1H), 7.37 (td, *J* = 7.5, 1.3 Hz, 1H), 7.22--7.14 (m, 2H), 7.00 (d, *J* = 8.1 Hz, 2H), 6.90 (d, *J* = 8.2 Hz, 2H), 5.99 (s, 2H), 2.18 (s, 3H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 150.24, 136.30, 134.32, 133.33, 131.37, 129.63, 128.38, 127.40, 127.23, 125.92, 122.98, 121.41, 118.16, 101.38, 20.39.

### 1-((4-(*tert*-Butyl)phenyl)thio)naphthalen-2-amine (**3c**) {#sec4.1.3}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a red solid (64.6 mg, 71%); mp 120.2--122.4 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 8.08 (d, *J* = 8.4 Hz, 1H), 7.78 (d, *J* = 8.9 Hz, 1H), 7.72 (d, *J* = 7.7 Hz, 1H), 7.37 (td, *J* = 7.7, 1.2 Hz, 1H), 7.24--7.14 (m, 4H), 6.91 (d, *J* = 8.5 Hz, 2H), 6.00 (s, 2H), 1.18 (s, 3H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 150.28, 147.56, 136.41, 133.43, 131.38, 128.37, 127.43, 127.20, 125.89, 125.50, 122.98, 121.39, 118.14, 101.18, 33.98, 31.00. HRMS (ESI): *m*/*z* calcd for C~20~H~21~NS^+^ (M + Na)^+^, 330.1287; found, 330.1281.

### 1-((4-Methoxyphenyl)thio)naphthalen-2-amine (**3d**)^[@ref42]^ {#sec4.1.4}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a red solid (65.4 mg, 78%); mp 101.8--105.5 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 8.11 (d, *J* = 8.5 Hz, 1H), 7.75 (d, *J* = 8.9 Hz, 1H), 7.71 (d, *J* = 7.7 Hz, 1H), 7.41--7.36 (m, 1H), 7.16 (d, *J* = 8.9 Hz, 1H), 6.99 (d, *J* = 8.9 Hz, 1H), 6.80 (d, *J* = 8.9 Hz, 1H), 6.01 (s, 1H), 3.65 (s, 1H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 157.48, 150.05, 136.25, 131.20, 128.36, 128.05, 127.37, 127.33, 127.21, 123.03, 121.37, 118.14, 114.80, 102.60, 55.11.

### 1-((4-Fluorophenyl)thio)naphthalen-2-amine (**3e**)^[@ref19]^ {#sec4.1.5}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a red solid (73.2 mg, 91%); mp 90.6--92.8 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 8.05 (d, *J* = 8.5 Hz, 1H), 7.78 (d, *J* = 8.9 Hz, 1H), 7.72 (d, *J* = 7.7 Hz, 1H), 7.39 (td, *J* = 8.0 Hz, 1.3 Hz, 1H), 7.21--7.14 (m, 2H), 7.09--6.99 (m, 4H), 6.06 (s, 2H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 161.47, 159.07, 150.39, 136.21, 132.40, 131.63, 128.46, 127.75, 127.67, 127.58, 127.23, 122.77, 121.50, 118.23, 116.14, 115.92, 101.07.

### 1-((4-Chlorophenyl)thio)naphthalen-2-amine (**3f**)^[@ref42]^ {#sec4.1.6}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a red solid (77.8 mg, 91%); mp 123.1--125.8 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 8.01 (d, *J* = 8.4 Hz, 1H), 7.79 (d, *J* = 8.9 Hz, 1H), 7.72 (d, *J* = 7.9 Hz, 1H), 7.38 (t, *J* = 7.6 Hz, 1H), 7.28--7.11 (m, 4H), 6.97 (d, *J* = 8.6 Hz, 2H), 6.07 (s, 2H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 150.51, 131.79, 129.51, 128.90, 128.49, 127.63, 127.23, 127.21, 122.66, 121.54, 118.25, 100.01.

### 1-((4-Bromophenyl)thio)naphthalen-2-amine (**3g**)^[@ref94]^ {#sec4.1.7}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a red solid (89.8 mg, 90%); mp 107.5--109.5 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 8.00 (d, *J* = 8.3 Hz, 1H), 7.80 (d, *J* = 8.9 Hz, 1H), 7.73 (d, *J* = 7.5 Hz, 1H), 7.40 (td, *J* = 3.5, 1.5 Hz, 2H), 7.37 (d, *J* = 2.0 Hz, 1H), 7.23--7.17 (m, 2H), 6.92 (d, *J* = 2.0 Hz, 1H), 6.90 (d, *J* = 2.0 Hz, 1H), 6.07 (s, 2H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 150.51, 136.69, 136.13, 131.80, 131.75, 128.48, 128.48, 127.64, 127.52, 127.21, 122.63, 121.53, 118.24, 117.65, 99.83.

### 1-((4-Nitrophenyl)thio)naphthalen-2-amine (**3h**) {#sec4.1.8}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a bright yellow solid (81.9 mg, 93%); mp 160--160.5 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 8.06 (d, *J* = 9.0 Hz, 2H), 7.91 (d, *J* = 8.5 Hz, 1H), 7.84 (d, *J* = 8.9 Hz, 1H), 7.75 (d, *J* = 7.8 Hz, 1H), 7.44--7.33 (td, *J* = 7.7, 1.2 Hz, 1H), 7.27--7.17 (m, 2H), 7.13 (d, *J* = 9.0 Hz, 2H), 6.15 (s, 2H). ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 150.87, 147.55, 144.61, 135.97, 132.35, 128.63, 127.89, 127.23, 125.48, 124.11, 122.23, 121.78, 118.38, 97.70. HRMS (ESI): *m*/*z* calcd for C~20~H~21~NS^+^ (M + Na)^+^, 297.0692; found, 297.0691.

### 1-((4-(Trifluoromethyl)phenyl)thio)naphthalen-2-amine (**3i**)^[@ref94]^ {#sec4.1.9}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a red solid (85.7 mg, 90%); mp 120.6--121.9 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 8.00 (d, *J* = 8.4 Hz, 1H), 7.82 (d, *J* = 8.9 Hz, 1H), 7.74 (d, *J* = 7.7 Hz, 1H), 7.46--7.36 (m, 3H), 7.31 (s, 1H), 7.25--7.11 (m, 3H), 6.12 (s, 2H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 150.75, 139.11, 136.16, 132.08, 130.00, 129.15, 128.56, 127.77, 127.19, 125.22, 122.46, 121.60 (t, *J* = 6.5 Hz), 118.27, 98.92.

### 1-((4-(Trifluoromethoxy)phenyl)thio)naphthalen-2-amine (**3j**) {#sec4.1.10}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a red liquid (92.8 mg, 93%); ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 8.04 (d, *J* = 8.5 Hz, 1H), 7.80 (d, *J* = 8.9 Hz, 1H), 7.73 (d, *J* = 7.9 Hz, 1H), 7.39 (t, *J* = 7.6 Hz, 1H), 7.25--7.20 (m, 2H), 7.20--7.15 (m, 2H), 7.06 (d, *J* = 8.8 Hz, 2H), 6.10 (s, 2H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 150.61, 145.84, 136.61, 136.25, 131.87, 128.50, 127.68, 127.27, 127.00, 122.65, 121.88, 121.56, 118.29, 99.95; ^19^F NMR (376 MHz, DMSO-*d*~6~): δ −57.14. HRMS (ESI): *m*/*z* calcd for C~17~H~12~F~3~NOS^+^ (M + H)^+^, 336.0664; found, 336.0667.

### 1-(*m*-Tolylthio)naphthalen-2-amine (**3k**)^[@ref42]^ {#sec4.1.11}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a red solid (49.9 mg, 68%); mp 88.8--89.9 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 8.04 (d, *J* = 8.5 Hz, 1H), 7.78 (d, *J* = 8.9 Hz, 1H), 7.72 (d, *J* = 7.7 Hz, 1H), 7.37 (td, *J* = 7.7, 1.3 Hz, 1H), 7.22--7.13 (m, 2H), 7.05 (t, *J* = 7.9 Hz, 1H), 6.92--6.84 (m, 2H), 6.69 (d, *J* = 7.9 Hz, 1H), 5.99 (s, 2H), 2.16 (s, 3H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 150.35, 138.23, 136.72, 136.35, 131.48, 128.86, 128.40, 127.44, 127.20, 126.10, 125.82, 122.93, 122.62, 121.43, 118.15, 118.15, 118.15, 100.75, 20.95.

### 1-((3-Bromophenyl)thio)naphthalen-2-amine (**3l**) {#sec4.1.12}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a red liquid (79.5 mg, 81%); ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 8.00 (d, *J* = 8.6 Hz, 1H), 7.81 (d, *J* = 8.8 Hz, 1H), 7.73 (d, *J* = 7.7 Hz, 1H), 7.39 (td, *J* = 7.9, 1.3 Hz, 1H), 7.26 (dq, *J* = 7.9, 0.9 Hz, 1H), 7.23--7.12 (m, 3H), 7.07 (t, *J* = 1.8 Hz, 1H), 6.98 (dq, *J* = 7.9, 1.0 Hz, 1H), 6.10 (s, 2H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 150.63, 139.96, 136.15, 131.97, 130.93, 128.52, 127.74, 127.72, 127.38, 127.17, 124.53, 122.55, 122.23, 121.59, 118.24, 99.33. HRMS (ESI): *m*/*z* calcd for C~16~H~12~BrNS^+^ (M + Na)^+^, 351.9766; found, 351.9772.

### 1-((3-(Trifluoromethyl)phenyl)thio)naphthalen-2-amine (**3m**) {#sec4.1.13}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a red liquid (89.4 mg, 94%); ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 8.02 (d, *J* = 8.5 Hz, 1H), 7.82 (d, *J* = 8.9 Hz, 1H), 7.74 (d, *J* = 7.8 Hz, 1H), 7.39 (dd, *J* = 10.0, 7.1 Hz, 2H), 7.33 (s, 1H), 7.27--7.14 (m, 1H), 6.14 (s, 1H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 150.75, 139.12, 136.19, 132.08, 129.96, 129.14, 128.55, 127.22, 125.22, 122.49, 121.93--121.01 (m), 118.28, 98.99. HRMS (ESI): *m*/*z* calcd for C~17~H~21~F~3~NS^+^ (M + H)^+^, 320.0715; found, 320.0718.

### 1-((2,5-Dimethylphenyl)thio)naphthalen-2-amine (**3n**)^[@ref94]^ {#sec4.1.14}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a red solid (60.3 mg, 72%); mp 62.7--65.1 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 7.99 (d, *J* = 8.5 Hz, 1H), 7.80 (d, *J* = 8.9 Hz, 1H), 7.73 (d, *J* = 7.7 Hz, 1H), 7.37 (td, *J* = 7.7, 1.3 Hz, 1H), 7.22 (d, *J* = 8.9 Hz, 1H), 7.18 (td, *J* = 7.4, 1.1 Hz, 1H), 7.08 (d, *J* = 7.6 Hz, 1H), 6.78 (d, *J* = 8.3 Hz, 1H), 6.18 (s, 1H), 5.96 (s, 2H), 2.45 (s, 3H), 1.91 (s, 3H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 150.47, 136.44, 135.38, 135.18, 131.47, 130.03, 128.44, 127.44, 127.29, 125.32, 123.96, 122.96, 121.47, 118.16, 100.02.

### 1-(Naphthalen-2-ylthio)naphthalen-2-amine (**3o**) {#sec4.1.15}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a red solid (78.1 mg, 87%); mp 120.7--122.3 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 8.10 (d, *J* = 8.4 Hz, 1H), 7.83 (d, *J* = 8.9 Hz, 1H), 7.76 (t, *J* = 8.2 Hz, 3H), 7.66--7.57 (d, *J* = 7.9 Hz, 1H), 7.46 (s, 1H), 7.43--7.33 (m, 3H), 7.26 (d, *J* = 8.9 Hz, 1H), 7.17 (td, *J* = 8.8, 4.2 Hz, 2H), 6.09 (s, 2H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 150.53, 136.35, 134.66, 133.30, 131.68, 130.95, 128.53, 128.48, 127.58, 127.52, 127.27, 126.61, 126.57, 125.22, 124.54, 123.00, 122.86, 121.49, 118.27, 100.48. HRMS (ESI): *m*/*z* calcd for C~20~H~15~NS^+^ (M + H)^+^, 302.0998; found, 302.0995.

### 6-Bromo-1-(phenylthio)naphthalen-2-amine (**3p**) {#sec4.1.16}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a reddish solid (91.1 mg, 92%); mp 122.4--123.0 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 7.96 (dd, *J* = 12.0, 5.5 Hz, 1H), 7.77 (d, *J* = 8.9 Hz, 1H), 7.48 (dd, *J* = 9.0, 2.1 Hz, 1H), 7.28--7.15 (m, dd, *J* = 17.5, 8.4 Hz, 3H), 7.08 (tt, *J* = 7.7, 1.1 Hz, 1H), 7.02--6.86 (m, 2H), 6.15 (s, 2H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 150.86, 136.54, 135.13, 130.71, 130.19, 130.08, 129.07, 128.44, 125.58, 125.29, 125.10, 119.38, 114.02, 100.56. HRMS (ESI): *m*/*z* calcd for C~16~H~12~BrNS^+^ (M + H)^+^, 329.9974; found, 329.995. HRMS (ESI): *m*/*z* calcd for C~16~H~12~BrNS^+^ (M + H)^+^, 329.9947; found, 329.9951.

### 4-(Phenylthio)aniline (**3q**)^[@ref95]^ {#sec4.1.17}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a white solid (60.4 mg, 55%), mp 83.4--84.5 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 7.27--7.21 (t, *J* = 7.7 Hz, 2H), 7.18 (d, *J* = 2.0 Hz, 1H), 7.17 (d, *J* = 2.1 Hz, 1H), 7.12--7.06 (tt, *J* = 7.7, 1.3 Hz, 1H), 7.01 (dd, *J* = 8.0, 1.6 Hz, 2H), 6.64--6.59 (dt, *J* = 8.6, 2.4 Hz, 2H), 5.52 (s, 2H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 150.03, 140.15, 136.38, 128.93, 125.92, 124.93, 114.79, 114.55.

### 5-(Phenylthio)-\[1,1′-biphenyl\]-2-amine (**3r**) {#sec4.1.18}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a reddish solid (54.5 mg, 67%), mp 136.0--137.9 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 7.48--7.41 (m, 4H), 7.38--7.32 (m, 1H), 7.29--7.21 (m, 3H), 7.17--7.08 (m, 4H), 6.86 (d, *J* = 8.3 Hz, 1H), 5.23 (s, 2H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 146.28, 139.53, 138.51, 136.71, 135.09, 129.02, 128.87, 128.54, 127.15, 126.47, 125.22, 116.42, 116.30. HRMS (ESI): *m*/*z* calcd for C~18~H~15~NS^+^ (M + H)^+^, 278.0998; found, 278.0995.

### 3-(Phenylthio)-1*H*-indole (**4a**)^[@ref87]^ {#sec4.1.19}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a white solid (67.6 mg, 91%), mp 121.3--122.6 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 8.33 (s, 1H), 7.61 (d, *J* = 8.0 Hz, 1H), 7.46--7.38 (m, 2H), 7.29--7.22 (m, 1H), 7.15 (td, *J* = 7.8, 3.2 Hz, 3H), 7.10 (d, *J* = 6.8 Hz, 2H), 7.04 (t, *J* = 7.2 Hz, 1H); ^13^C NMR (101 MHz, CDCl~3~): δ 139.34, 136.61, 130.81, 129.22, 128.82, 125.97, 124.90, 123.18, 121.04, 119.80, 111.71, 102.95.

### 3-(Phenylthio)-4-(trifluoromethyl)-1*H*-indole (**4b**) {#sec4.1.20}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a white solid (72.9 mg, 92%), mp 190.2--190.6 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 8.70 (s, 1H), 7.58 (d, *J* = 8.2 Hz, 1H), 7.55--7.51 (m, 2H), 7.28 (t, *J* = 7.9 Hz, 1H), 7.14 (tt, *J* = 8.5, 2.3 Hz, 2H), 7.07--6.99 (m, 3H); ^13^C NMR (101 MHz, CDCl~3~): δ 140.59, 137.92, 135.19, 128.63, 125.71, 124.72, 121.98, 119.72 (q, *J* = 6.3 Hz), 116.01, 102.13. ^19^F NMR (376 MHz, CDCl~3~): δ −57.58. HRMS (ESI): *m*/*z* calcd for C~15~H~10~F~3~NS^+^ (M + Na)^+^, 316.0378; found, 316.0383.

### 4-Nitro-3-(phenylthio)-1*H*-indole (**4c**) {#sec4.1.21}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a yellow solid (75.3 mg, 93%), mp 148.7--149.5 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 9.14 (s, 1H), 7.73 (d, *J* = 7.6 Hz, 1H), 7.68 (d, *J* = 8.0 Hz, 1H), 7.58 (d, *J* = 2.4 Hz, 1H), 7.34--7.26 (m, 1H), 7.20--7.13 (m, 2H), 7.13--7.02 (m, 3H); ^13^C NMR (101 MHz, CDCl~3~): δ 143.47, 139.15, 138.98, 135.07, 128.90, 127.01, 125.51, 122.09, 120.29, 117.97, 117.07, 103.63. HRMS (ESI): *m*/*z* calcd for C~14~H~10~N~2~O~2~S^+^ (M + Na)^+^, 293.0355; found, 293.0359.

### 3-(Phenylthio)-1*H*-indole-4-carbonitrile (**4d**)^[@ref78]^ {#sec4.1.22}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a white solid (70.5 mg, 94%), mp 156.3--158.2 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 12.33 (s, 1H), 8.05 (d, *J* = 2.8 Hz, 1H), 7.86 (dd, *J* = 8.4, 0.8 Hz, 1H), 7.58 (dd, *J* = 7.6, 0.8 Hz, 1H), 7.39--7.31 (m, 1H), 7.23 (t, *J* = 7.6 Hz, 2H), 7.13--7.01 (m, 3H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 139.52, 137.13, 136.51, 128.90, 127.70, 127.47, 125.55, 125.01, 122.16, 117.76, 117.74, 101.08, 99.36.

### Methyl 3-(Phenylthio)-1*H*-indole-4-carboxylate (**4e**)^[@ref91]^ {#sec4.1.23}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a white solid (73.9 mg, 92%), mp 188.2--188.6 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 9.16 (s, 1H), 7.49 (dd, *J* = 7.5, 2.3 Hz, 2H), 7.41 (d, *J* = 2.7 Hz, 1H), 7.24 (t, *J* = 7.8 Hz, 1H), 7.19--7.10 (m, 1H), 7.09--6.98 (m, 3H), 3.60 (s, 3H); ^13^C NMR (101 MHz, CDCl~3~): δ 169.70, 140.26, 137.65, 133.98, 128.69, 125.67, 125.46, 125.32, 124.72, 122.27, 122.18, 115.29, 102.05, 52.05.

### 5-Methyl-3-(phenylthio)-1*H*-indole (**4f**)^[@ref90]^ {#sec4.1.24}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a white solid (64.6 mg, 90%), mp 160.9--161.3 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 8.19 (s, 1H), 7.32 (s, 1H), 7.27 (d, *J* = 2.8 Hz, 1H), 7.18 (d, *J* = 8.4 Hz, 1H), 7.08--7.03 (m, 2H), 7.02--6.92 (m, 4H), 2.31 (s, 3H); ^13^C NMR (101 MHz, CDCl~3~): δ 139.61, 134.87, 131.08, 130.47, 129.48, 129.20, 128.82, 125.72, 124.77, 119.20, 111.41, 101.84, 21.55.

### 5-Methoxy-3-(phenylthio)-1*H*-indole (**4g**)^[@ref91]^ {#sec4.1.25}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a pale yellow oil (71.6 mg, 94%); ^1^H NMR (400 MHz, CDCl~3~): δ 8.38 (s, 1H), 7.40 (d, *J* = 2.8 Hz, 1H), 7.28 (d, *J* = 8.8 Hz, 1H), 7.18--7.13 (m, 2H), 7.11--7.02 (m, 4H), 6.90 (dd, *J* = 8.8, 2.8 Hz, 1H), 3.76 (s, 3H); ^13^C NMR (101 MHz, CDCl~3~): δ 155.24, 139.46, 131.47, 130.08, 128.83, 125.77, 124.83, 113.71, 112.57, 102.24, 100.90, 55.91.

### 5-Chloro-3-(phenylthio)-1*H*-indole (**4h**)^[@ref91]^ {#sec4.1.26}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a white solid (72.1 mg, 93%), mp 167.2--168.1 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 8.45 (s, 1H), 7.59 (d, *J* = 1.6 Hz, 1H), 7.51 (d, *J* = 2.8 Hz, 1H), 7.35 (d, *J* = 8.4 Hz, 1H), 7.21 (dd, *J* = 8.4, 2.0 Hz, 1H), 7.20--7.15 (m, 2H), 7.11--7.04 (m, 3H); ^13^C NMR (101 MHz, CDCl~3~): δ 138.79, 132.15, 128.94, 126.00, 125.16, 123.70, 123.64, 120.68, 119.20, 112.82, 112.50, 102.85.

### 6-Fluoro-3-(phenylthio)-1*H*-indole (**4i**)^[@ref91]^ {#sec4.1.27}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a white solid (84.4 mg, 93%), mp 161.7--162.5 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 8.36 (s, 1H), 7.50 (dd, *J* = 8.8, 5.2 Hz, 1H), 7.46 (d, *J* = 2.8 Hz, 1H), 7.19--7.14 (m, 2H), 7.13--7.04 (m, 4H), 6.91 (td, *J* = 9.6, \[2.0 Hz, 1H); ^13^C NMR (101 MHz, CDCl~3~): δ 161.80, 138.97, 136.59, 136.46, 131.02, 130.98, 128.89, 126.06, 125.08, 120.80, 120.70, 110.03, 109.79, 103.42, 98.28, 98.01; ^19^F NMR (376 MHz, CDCl~3~): δ −119.72 (s).

### 6-Bromo-3-(phenylthio)-1*H*-indole (**4j**)^[@ref91]^ {#sec4.1.28}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a white solid (86.2 mg, 95%), mp 160.9--161.3 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 8.43 (s, 1H), 7.56 (d, *J* = 1.2 Hz, 1H), 7.47--7.40 (m, 2H), 7.27--7.22 (m, 1H), 7.19--7.12 (m, 2H), 7.07 (d, *J* = 8.0 Hz, 3H); ^13^C NMR (101 MHz, CDCl~3~): δ 138.81, 137.35, 131.26, 128.90, 128.12, 126.06, 125.14, 124.40, 121.11, 116.79, 114.69, 103.57.

### 7-Methyl-3-(phenylthio)-1*H*-indole (**4k**)^[@ref91]^ {#sec4.1.29}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a blue oil (70.2 mg, 98%); ^1^H NMR (400 MHz, CDCl~3~): δ 8.28 (s, 1H), 7.45 (d, *J* = 7.2 Hz, 1H), 7.38 (s, 1H), 7.14--7.01 (m, 7H), 2.47 (s, 3H); ^13^C NMR (101 MHz, CDCl~3~): δ 139.36, 136.16, 130.57, 128.80, 128.77, 125.93, 124.87, 123.67, 121.16, 120.92, 117.43, 103.11, 16.54,

### 7-Methoxy-3-(phenylthio)-1*H*-indole (**4l**)^[@ref91]^ {#sec4.1.30}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a blue solid (69.1 mg, 91%), mp 115.2--116.3 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 8.62 (s, 1H), 7.40 (d, *J* = 2.8 Hz, 1H), 7.20 (d, *J* = 8.0 Hz, 1H), 7.17--6.99 (m, 6H), 6.68 (d, *J* = 7.6 Hz, 1H), 3.95 (s, 3H); ^13^C NMR (101 MHz, CDCl~3~): δ 146.41, 139.48, 130.66, 130.31, 128.78, 127.16, 125.92, 124.82, 121.43, 112.31, 103.14, 102.88, 55.54.

### 2-Methyl-3-(phenylthio)-1*H*-indole (**4m**)^[@ref91]^ {#sec4.1.31}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a white solid (70.3 mg, 92%), mp 118.3--120.0 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 8.16 (s, 1H), 7.54 (d, *J* = 7.6 Hz, 1H), 7.29 (d, *J* = 8.0 Hz, 1H), 7.21--7.14 (m, 2H), 7.14--7.08 (m, 3H), 7.05--6.99 (m, 3H), 2.45 (s, 3H); ^13^C NMR (101 MHz, CDCl~3~): δ 141.29, 139.45, 135.54, 130.38, 128.80, 125.58, 124.62, 122.27, 120.79, 119.06, 110.79, 99.35, 12.24.

### 2-Phenyl-3-(phenylthio)-1*H*-indole (**4n**)^[@ref91]^ {#sec4.1.32}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a white solid (86.1 mg, 96%); ^1^H NMR (400 MHz, CDCl~3~): δ 8.39 (s, 1H), 7.66--7.60 (dt, *J* = 6.8, 1.6 Hz, 2H), 7.54 (d, *J* = 7.9 Hz, 1H), 7.34--7.26 (m, 4H), 7.20--7.14 (td, *J* = 7.0, 4.7 Hz, 1H), 7.09--6.99 (m, 5H), 6.97--6.91 (tt, *J* = 7.6, 1.7 Hz, 1H); ^13^C NMR (101 MHz, CDCl~3~): δ 142.09, 139.28, 135.87, 131.42, 131.21, 128.86, 128.81, 128.75, 128.17, 125.60, 124.67, 123.41, 121.22, 120.02, 111.23, 99.39.

### 5-Chloro-2-methyl-3-(phenylthio)-1*H*-indole (**4o**)^[@ref91]^ {#sec4.1.33}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a white solid (80.5 mg, 98%), mp 135.9--136.7 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 8.28 (s, 1H), 7.51 (d, *J* = 2.0 Hz, 1H), 7.23 (m, 1H), 7.19--7.09 (m, 3H), 7.08--6.98 (m, 3H), 2.48 (s, 3H); ^13^C NMR (101 MHz, CDCl~3~): δ 142.15, 139.34, 135.93, 131.48, 131.26, 128.92, 128.87, 128.80, 128.23, 125.66, 124.73, 123.47, 121.27, 120.08, 111.29, 99.45.

### 1-Methyl-3-(phenylthio)-1*H*-indole (**4p**)^[@ref91]^ {#sec4.1.34}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a white solid (69.1 mg, 91%), mp 116.7--118.5 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 7.66 (d, *J* = 8.0 Hz, 1H), 7.41--7.31 (m, 2H), 7.21--7.14 (m, 3H), 7.13--7.10 (m, 4H), 3.80 (s, 3H); ^13^C NMR (101 MHz, CDCl~3~): δ 138.63, 135.96, 129.32, 128.79, 127.53, 126.72, 126.32, 124.12, 121.20, 120.52, 110.32, 31.25.

### 3-(Phenylthio)-1*H*-pyrrolo(2,3-*b*) Pyridine (**4q**)^[@ref91]^ {#sec4.1.35}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a pale yellow solid (55.1 mg, 82%), mp 147.6--147.9 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 11.67 (s, 1H), 8.41 (dd, *J* = 4.8, 1.2 Hz, 1H), 7.95 (dd, *J* = 7.6, 1.2 Hz, 1H), 7.70 (s, 1H), 7.22--7.12 (m, 3H), 7.14--7.03 (m, 3H); ^13^C NMR (101 MHz, CDCl~3~): δ 149.27, 143.45, 138.89, 132.02, 128.93, 128.67, 126.15, 125.21, 122.31, 116.97, 101.58.

### 3-(*p*-Tolylthio)-1*H*-indole (**4r**)^[@ref91]^ {#sec4.1.36}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a white solid (64.9 mg, 91%), mp 137.6--138.8 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 8.35 (s, 1H), 7.61 (d, *J* = 8.0 Hz, 1H), 7.47 (d, *J* = 2.0 Hz, 1H), 7.42 (d, *J* = 8.0 Hz, 1H), 7.28--7.23 (m, 2H), 7.18--7.13 (m, 1H), 7.03 (d, *J* = 8.4 Hz, 2H), 6.97 (d, *J* = 8.0 Hz, 2H), 2.24 (s, 3H); ^13^C NMR (101 MHz, CDCl~3~): δ 136.59, 135.60, 134.77, 130.53, 129.61, 129.25, 126.39, 120.96, 119.84, 111.65, 103.68, 21.00.

### 3-((4-Methoxyphenyl)thio)-1*H*-indole (**4s**)^[@ref91]^ {#sec4.1.37}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a white solid (68.8 mg, 90%), mp 138.0--138.6 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 8.34 (s, 1H), 7.62 (d, *J* = 8.0 Hz, 1H), 7.45--7.36 (m, 2H), 7.27--7.20 (m, 1H), 7.16--7.09 (m, 3H), 6.75--6.71 (m, 2H), 3.71 (s, 3H); ^13^C NMR (101 MHz, CDCl~3~): δ 157.88, 136.56, 133.79, 130.14, 128.67, 123.05, 120.89, 119.76, 115.28, 114.60, 111.64, 104.71, 55.46.

### 3-((4-Nitrophenyl)thio)-1*H*-indole (**4t**)^[@ref91]^ {#sec4.1.38}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a yellow solid (75.3 mg, 93%), mp 121.2--121.7 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 8.71 (s, 1H), 8.02--7.96 (m, 2H), 7.58--7.45 (m, 3H), 7.36--7.26 (m, 1H), 7.23--7.15 (m, 1H), 7.15--7.08 (m, 2H); ^13^C NMR (101 MHz, CDCl~3~): δ 150.00, 144.98, 136.72, 131.38, 128.54, 125.20, 123.98, 123.64, 121.51, 119.30, 112.10, 100.19.

### Phenyl(2,4,6-trimethoxyphenyl)sulfane (**5a**)^[@ref91]^ {#sec4.1.39}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a white solid (65.2 mg, 79%), mp 119.6--121.5 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 7.18--7.12 (m, 2H), 7.07--6.99 (m, 3H), 6.22 (s, 2H), 3.87 (s, 3H), 3.81 (s, 6H); ^13^C NMR (101 MHz, CDCl~3~): δ 163.05, 162.68, 138.81, 128.60, 125.76, 124.48, 98.85, 91.34, 56.44, 55.57.

### (4-Methoxyphenyl)(2,4,6-trimethoxyphenyl)sulfane (**5b**)^[@ref91]^ {#sec4.1.40}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to give the product as a colorless oil (59.7 mg, 65%); ^1^H NMR (400 MHz, CDCl~3~): δ 7.08 (d, *J* = 2.2 Hz, 1H), 7.06 (d, *J* = 2.2 Hz, 1H), 6.74 (d, *J* = 2.2 Hz, 1H), 6.72 (d, *J* = 2.1 Hz, 1H), 6.19 (s, 2H), 3.85 (s, 3H), 3.81 (s, 6H), 3.74 (s, 3H); ^13^C NMR (101 MHz, CDCl~3~): δ 162.70, 162.44, 157.67, 129.36, 128.69, 114.37, 100.73, 91.33, 56.42, 55.54, 55.42.

### (4-Nitrophenyl)(2,4,6-trimethoxyphenyl)sulfane (**5c**)^[@ref40]^ {#sec4.1.41}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the product as a bright yellow solid (92.2 mg, 96%), mp 131--132 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 8.00 (d, *J* = 9.0 Hz, 1H), 7.05 (d, *J* = 9.0 Hz, 1H), 6.24 (s, 1H), 3.89 (s, 2H), 3.80 (s, 3H); ^13^C NMR (101 MHz, CDCl~3~): δ 163.90, 162.53, 149.56, 144.71, 124.92, 123.82, 96.02, 91.40, 77.16, 56.42, 55.65.

### 1-(Phenylthio)naphthalen-2-ol (**5d**)^[@ref94]^ {#sec4.1.42}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:100) as the eluent to give the product as a yellow liquid (34.1 mg, 45%); ^1^H NMR (400 MHz, CDCl~3~): δ 8.23 (d, *J* = 8.3 Hz, 1H), 7.92 (d, *J* = 8.8 Hz, 1H), 7.83 (d, *J* = 7.7 Hz, 1H), 7.51 (t, *J* = 7.5 Hz, 1H), 7.44--7.32 (m, 2H), 7.17 (d, *J* = 8.5 Hz, 3H), 7.15--7.09 (m, 1H), 7.04 (d, *J* = 6.6 Hz, 2H); ^13^C NMR (101 MHz, CDCl~3~): δ 157.14, 135.58, 135.49, 132.97, 129.63, 129.31, 128.71, 128.09, 126.51, 126.03, 124.83, 124.00, 117.00, 108.18.

### 2,5-Bis(phenylthio)-1*H*-pyrrole (**6a**)^[@ref61]^ {#sec4.1.43}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:100) as the eluent to give the product as a light gray liquid (42.7 mg, 51%); ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 12.21 (s, 1H), 7.31 (s, 1H), 7.30 (s, 2H), 7.28 (s, 1H), 7.15 (t, *J* = 7.4 Hz, 2H), 7.05 (d, *J* = 1.2 Hz, 2H), 7.03 (d, *J* = 1.0 Hz, 2H), 6.58 (d, *J* = 2.4 Hz, 2H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 135.11, 134.74, 129.72, 126.29, 119.67, 118.99, 20.45.

### 2,5-Bis(*p*-tolylthio)-1*H*-pyrrole (**6b**) {#sec4.1.44}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:100) as the eluent to give the product as a light gray liquid (37.8 mg, 41%); ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 12.13 (s, 1H), 7.11 (d, *J* = 8.0 Hz, 4H), 6.99--6.95 (m, 4H), 6.50 (s, 2H), 2.23 (s, 6H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 135.11, 134.74, 129.72, 126.29, 119.67, 118.99, 20.45. HRMS (ESI): *m*/*z* calcd for C~18~H~17~NS~2~^+^ (M + Na)^+^, 334.0695; found, 334.0691.

### 2,5-Bis((4-nitrophenyl)thio)-1*H*-pyrrole (**6c**) {#sec4.1.45}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:50) as the eluent to give the product as a bright yellow solid (91.8 mg, 82%), mp 86.7--89.2 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 12.55 (s, 1H), 8.46--7.87 (m, 4H), 7.42--7.03 (m, 4H), 6.76 (d, *J* = 2.4 Hz, 2H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 148.44, 145.02, 125.33, 124.38, 120.69, 117.74. HRMS (ESI): *m*/*z* calcd for C~16~H~11~N~3~O~4~S~2~^+^ (M + Na)^+^, 396.0083; found, 396.0089.

### 1-Methyl-2,5-bis(phenylthio)-1*H*-pyrrole (**6d**) {#sec4.1.46}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:100) as the eluent to give the product as a colorless liquid (62.5 mg, 71%); ^1^H NMR (400 MHz, CDCl~3~): δ 7.24 (dd, *J* = 12.5, 4.8 Hz, 1H), 7.12 (t, *J* = 7.4 Hz, 1H), 6.99 (t, *J* = 7.5 Hz, 1H), 6.69 (s, 1H), 3.50 (s, 1H); ^13^C NMR (101 MHz, CDCl~3~): δ 138.07, 129.20, 125.92, 125.67, 122.25, 119.54, 31.50. HRMS (ESI): *m*/*z* calcd for C~17~H~15~NS~2~^+^ (M + H)^+^, 298.0719; found, 298.0724.

### 1-Methyl-2,5-bis(*p*-tolylthio)-1*H*-pyrrole (**6e**)^[@ref83]^ {#sec4.1.47}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:100) as the eluent to give the product as a colorless liquid (57.8 mg, 60%); ^1^H NMR (400 MHz, CDCl~3~): δ 7.08 (d, *J* = 8.0 Hz, 1H), 6.95 (d, *J* = 8.3 Hz, 1H), 6.70 (s, 1H), 3.54 (s, 1H), 2.33 (s, 1H); ^13^C NMR (101 MHz, CDCl~3~): δ 135.51, 134.38, 129.94, 126.24, 122.58, 119.16, 31.46, 21.01.

### 2,5-Dimethyl-3,4-bis(phenylthio)-1*H*-pyrrole (**6f**) {#sec4.1.48}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:100) as the eluent to give the product as a white solid (75.6 mg, 81%), mp 89.7--91.5 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 11.59 (s, 1H), 7.14 (t, *J* = 7.7 Hz, 4H), 7.04--6.97 (tt, *J* = 7.4, 1.3 Hz, 2H), 6.89 (dd, *J* = 8.4, 1.1 Hz, 4H), 2.22 (s, 6H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 139.69, 133.40, 128.60, 124.77, 124.25, 107.52, 11.63. HRMS (ESI): *m*/*z* calcd for C~18~H~17~NS~2~^+^ (M + Na)^+^, 334.0695; found, 334.0700.

### 3-Phenyl-4-(phenylthio)-1-tosyl-1*H*-pyrazol-5-amine (**6g**) {#sec4.1.49}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:100) as the eluent to give the product as a white solid (60.8 mg, 65%); ^1^H NMR (400 MHz, CDCl~3~): δ 7.93 (d, *J* = 8.4 Hz, 1H), 7.83 (dd, *J* = 6.5, 3.3 Hz, 1H), 7.32 (dd, *J* = 11.8, 4.9 Hz, 2H), 6.98 (d, *J* = 8.0 Hz, 1H), 6.85 (s, 1H), 5.48 (s, 1H), 2.43 (s, 2H), 2.26 (s, 2H). ^13^C NMR (101 MHz, CDCl~3~): δ 157.44, 153.17, 146.00, 135.38, 134.18, 133.04, 131.29, 130.09, 129.98, 129.33, 128.24, 128.08, 128.04, 125.36, 86.84, 77.48, 77.16, 76.84, 21.87, 20.97. HRMS (ESI): *m*/*z* calcd for C~18~H~17~NS~2~^+^ (M + Na)^+^, 436.1150; found, 436.1143.

General Procedure for Gram-Scale Experiment {#sec4.2}
-------------------------------------------

A mixture of 6-bromonaphthalen-2-amine or 6-bromo-1*H*-indole (10 mmol), ethyl benzenesulfinate (20 mmol), TBAI (2 equiv), and H~2~O (25 mL) were added into a Schlenk tube. The solution was stirred and heated to 100 °C for 48 h in air. After completion of the reaction, the mixture was extracted with dichloromethane (10 mL × 5). The aqueous solution (I) was collected, and the organic phase was concentrated in vacuum. The concentrate was dissolved in ethyl acetate (20 mL), and the insoluble material TBAI (I) was filtered. Subsequently, the ethyl acetate solution was suction-filtered on a 4 cm thick sand core funnel with a thickness of 4 cm of basic alumina, and the basic alumina (15 mL × 3) was washed with ethyl acetate, and the filtrate was concentrated to about 10 mL. The filtrate was washed with distilled water (5 mL × 3). The aqueous solution (II) was retained, and the organic phase was concentrated to give the product **3p** or **4j**.

### Typical Procedure for the Synthesis of **7a** {#sec4.2.1}

To a 25 mL tube were added 6-bromo-1-(phenylthio)naphthalen-2-amine (**3p**) (33.0 mg, 0.1 mmol), *p*-tolylboronic acid (20.4 mg, 0.15 mmol), K~2~CO~3~ (27.6 mg, 0.2 mmol), and Pd(PPh~3~)~4~ (1.2 mg, 0.01 mmol) in 2 mL of EtOH sequentially. The reaction vessel was allowed to stir at 80 °C for 3 h under an argon atmosphere. After completion of the reaction, the mixture was quenched with the saturated solution of NaCl (5 mL) and extracted with dichloromethane (3 × 10 mL). The organic phase was dried over Na~2~SO~4~ and concentrated in vacuum, and the crude mixture was purified via column chromatography using ethyl acetate/PE (1:30) as the eluent to afford the final product **7a** in 84% yield (28.9 mg).

#### 1-(Phenylthio)-6-(*p*-tolyl)naphthalen-2-amine (**7a**) {#sec4.2.1.1}

White solid, mp 125.9--127.2 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 8.09 (d, *J* = 8.8 Hz, 1H), 8.02 (d, *J* = 1.9 Hz, 1H), 7.87 (d, *J* = 8.8 Hz, 1H), 7.70 (dd, *J* = 8.8, 2.0 Hz, 1H), 7.62 (d, *J* = 8.2 Hz, 2H), 7.26 (d, *J* = 7.9 Hz, 2H), 7.24--7.21 (td, *J* = 2.3 Hz, 1H), 7.21--7.17 (m, 2H), 7.11--7.05 (tt, d, *J* = 7.3, 1.3 Hz, 1H), 7.00 (dd, *J* = 8.4, 1.2 Hz, 2H), 6.06 (s, 2H), 2.34 (s, 3H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 150.44, 137.07, 136.91, 136.14, 135.50, 133.04, 131.92, 129.51, 129.03, 127.54, 126.32, 126.24, 125.58, 125.56, 124.97, 123.60, 118.58, 100.50, 20.66. HRMS (ESI): *m*/*z* calcd for C~18~H~17~NS~2~^+^ (M + Na)^+^, 334.0695; found, 334.0700.

### Typical Procedure for the Synthesis of **7b** {#sec4.2.2}

To a 25 mL tube were added 6-bromo-1-(phenylthio)naphthalen-2-amine (**3p**) (66.0 mg, 0.2 mmol), phenylacetylene (51.1 mg, 0.5 mmol), PdCl~2~ (3.5 mg, 0.02 mmol), CuI (7.6 mg, 0.04 mmol), and PPh~3~ (5.3 mg, 0.02 mmol) in 2 mL of Et~3~N sequentially. The reaction vessel was allowed to stir at 60 °C for 13 h under an argon atmosphere. After completion of the reaction, the mixture was quenched with the saturated solution of NaCl (5 mL) and extracted with dichloromethane (3 × 10 mL). The organic phase was dried over Na~2~SO~4~ and concentrated in vacuum. The crude mixture was purified via column chromatography using ethyl acetate/PE (1:10) as the eluent to give the final product **7b** in 75% yield (52.7 mg).

#### 6-(Phenylethynyl)-1-(phenylthio)naphthalen-2-amine (**7b**) {#sec4.2.2.1}

White solid, mp 79.9--82.6 °C; ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 8.04 (d, *J* = 8.7 Hz, 1H), 8.00 (d, *J* = 1.6 Hz, 1H), 7.84 (d, *J* = 8.9 Hz, 1H), 7.59--7.53 (m, 2H), 7.50 (dd, *J* = 8.7, 1.8 Hz, 1H), 7.45--7.39 (m, 3H), 7.22 (dd, *J* = 14.6, 8.3 Hz, 3H), 7.09 (tt, *J* = 6.7, 1.1 Hz, 1H), 7.01--6.95 (dt, *J* = 8.2, 1.4 Hz, 2H), 6.26 (s, 2H); ^13^C NMR (101 MHz, DMSO-*d*~6~): δ 151.42, 136.58, 136.23, 131.86, 131.56, 131.20, 129.77, 129.07, 128.73, 128.46, 126.76, 125.57, 125.08, 123.34, 122.66, 118.96, 114.68, 100.65, 90.07, 88.64. HRMS (ESI): *m*/*z* calcd for C~24~H~17~NS^+^ (M + H)^+^, 352.1152; found, 352.1153.

#### *S*-Phenyl Benzenesulfonothioate (**8a**)^[@ref52]^ {#sec4.2.2.2}

The crude mixture was purified via column chromatography using ethyl acetate/PE (1:100) as the eluent to give the product as a white solid, mp 48--49 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 7.61--7.54 (m, 3H), 7.50--7.39 (m, 3H), 7.37--7.28 (m, 4H); ^13^C NMR (101 MHz, CDCl~3~): δ 143.07, 136.72, 133.76, 131.54, 129.57, 128.93, 127.96, 127.68.
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